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(54) SURFACE-EMISSION LASER AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To enable the operation as a micro-cavity 
laser on a low current by specifying the thickness of a 
semiconductor wall and the distance between a 
semiconductor pillar and the semiconductor wall. 
CONSTITUTION: A first DBR reflection film 2 and a 
multilayer structure, containing a p-n junction and an 
active layer 4a, are formed on a semiconductor substrate 
1 A second DBR reflection film 6 is formed on the 
multilayer structure. Then semiconductor pillars, 
composed of the first DBR reflection film 2, multilayer 
structure, and second DBR reflection film 6, are formed 
by dry etching. In addition to the semiconductor pillars, a 
semiconductor wall 10 containing the semiconductor 
pillars in the lateral direction, is simultaneously formed 

by the dry etching. Letting the medium wavelength of the light emitted from the active layer 4a 
be X, the thickness of the semiconductor wall 10 and the distance between the semiconductor 
pillar and wall 10 are both specified as approx. M4+2 (integer multiple of XJ2). In case there 
are two or more semiconductor walls 10, their interval is specified as approx. M4+(integer 
multiple of 7J2). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Cl-im^ll'The 1st DBR reflective film formed on the semi-conductor substrate, and the PN junction 
formed on this 1 st DBR reflective film and multilayer structure containing a barrier layer, The semi- 
conductor column which consists of 2nd DBR reflective film formed on said multilayer structure, and 
said 1st DBR reflective film and said multilayer structure, and said 2nd DBR reflective film, When 
setting to lambda wavelength in a medium of the light which is equipped with at least one semi- 
conductor wall formed in this semi-conductor column so that a longitudinal direction might be 
surrounded and carries out outgoing radiation from said barrier layer, The surface emission-type laser to 
which said two or more semi-conductor walls are characterized by the spacing being lambda / 4+ 
(lambda/2 of integral multiples) mostly by the thickness of said semi-conductor wall and spacing 
between said semi-conductor columns and said semi-conductor walls being lambda / 4+ (lambda/2 ol 
integral multiples) mostly, respectively in a certain case. 

rClaim 2] The process which forms the 1st DBR reflective film on a semi-conductor substrate by 
carrying out the laminating of the semi-conductor layer from which a refractive index differs by turns 
The process which forms the multilayer structure containing a PN junction and a barrier layer on this 1st 
DBR reflective film, The process which forms the 2nd DBR reflective film on this multilayer structure 
bv carrying out the laminating of the semi-conductor layer from which a refractive index differs by 
turns By this dry etching that forms half-**** which consists of said 1st DBR reflective film and said 
multilayer structure, and said 2nd DBR reflective film by dry etching When setting to lambda 
wavelength in a medium of the light which is equipped with the process which forms in said semi- 
conductor column and coincidence at least one semi-conductor wall which surrounds this semi- 
conductor column in a longitudinal direction, and carries out outgoing radiation from said barrier layer, 
The manufacture approach of the surface emission-type laser characterized by two or more semi- 
conductor walls making [ for the thickness of said semi-conductor wall, and spacing between said semi- 
conductor columns and said semi-conductor walls ] the spacing mostly lambda/4+ (lambda/2 of integral 
multiples) as lambda/4+ (lambda/2 of integral multiples), respectively in a certain case. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Kstrial Application] This invention relates to the micro cavity laser with which a surface emission- 
lype laser, especially an efficient field radiant power output are obtained, and its manufacture approach. 

[Description of the Prior Art] Research and development is done that the field luminescence laser in 
which C-dimensional integration is possible is required, and briskly [ fields such as optical exchange, 
an ontical computer, and optical information processing, ]. The example is indicated by applied 
nnKUSU S» (Applied, Physics, Letters) 57 volume 1605-1607 page (1990) by RfjMj 
L A Coldren and others. In this paper, it is reported that R.S.Geels and others was oscillated by the 
threshold current of 0.7mA in the surface emission-type laser of 7-micrometer angle. 

K ] em(s) to be Solved by the Invention] However, in a future optical integrated circuit in order to 
ntegrate a majority of 1000 or more surface emission-type lasers, much more low threshold-izat,on is 
Sed Z demand - receiving - recently and a minute resonator - laser -- a concept is proposed and 
examination is advanced, for example, Yokoyama - Journal of Applied Physics 61st - in the volume 
9 No 890-901 page (1 992) report, the light in the barrier layer used as a luminous layer is described 
about possibility of carrying out laser actuation by muA grade in the laser of the structure which 
confines all the magnitude of length, width, and the height direction in about one wave. In this laser, the 
optical output equivalent to a laser beam has been obtained by the very small threshold current by 
confm ng Lit in a very small barrier layer by making the mode consistency of light extreme y small 
and enlafging extremely coupling effectiveness to the cavity mode of spontaneous emmision light (- 1). 
m004] Sever, when such laser (here, it is called micro cavity laser) was manufactured there was a 
problem that it was difficult to confine light in a small barrier layer. For example, in the direction of 
thickness of a barrier layer, the DBR reflective film with a high reflection factor can be formed by 
cT^ng out crosswise lamination of the two semi-conductor layers from which a refractive mdex 
defers. For this reason, slight closing depth of the light of a lengthwise direction ^ direotaon of 
thickness) can be realized comparatively easily. However, the slight closing ^f^^ 0 ™*. 
bngitudinal direction of a barrier layer had the problem that implementation was difficult. For example, 
SwhTa reflection factor formed the reflective film of the gold which is about 90% .there was a 
probkm Tat a reflection factor was not sufficiently high. Moreover, when the DBR reflective film was 
formed in a longitudinal direction, there was a problem with it difficult [ to control correctly the 
thickness in a side face which formed membranes ]. 

[0005] Then, since the slight closing depth of a strong light of not only a lengthwise direction (the 
Son of thickness) bufa longitudinal direction is possible for the purpose of this invention it offers 
the field luminescence laser which can be operated as microwvity laser by low current, and its 
manufacture approach. 
[0006] 
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[Means for Solving the Problem] The 1st DBR reflective film formed on the semi-conductor substrate in 
the surface emission-type laser of this invention, The PN junction formed on this 1st DBR reflective 
film and the multilayer structure containing a barrier layer, The semi-conductor column which consists 
-of 2nd DBR reflective film formed on said multilayer structure, and said 1st DBR reflective film and 
said multilayer structure, and said 2nd DBR reflective film, When setting to lambda wavelength m a 
medium of the light which is equipped with at least one semi-conductor wall formed in this semi- 
conductor column so that a longitudinal direction might be surrounded, and carries out outgoing 
radiation from said barrier layer, The thickness of said semi-conductor wall and spacing between said 
semi-conductor columns and said semi-conductors are lambda / 4+ (lambda/2 of integral multiples) 
mostly, respectively, and, in a certain case, said two or more semi-conductor walls are characterized by 
the spacing being lambda / 4+ (lambda/2 of integral multiples) mostly. 

[0007] The process which forms the 1st DBR reflective film on a semi-conductor substrate by the 
manufacture approach of the surface emission-type laser of this invention by carrying out the laminating 
of the semi-conductor layer from which a refractive index differs by turns, The process which forms the 
multilayer structure containing a PN junction and a barrier layer on this 1 st DBR reflective film, The 
process which forms the 2nd DBR reflective film on this multilayer structure by ** which carries out the 
laminating of the semi-conductor layer from which a refractive index differs by turns, By the process 
which forms the semi-conductor column which consists of said 1st DBR reflective film and said 
multilayer structure, and said 2nd DBR reflective film by dry etching, and this dry etching When setting 
to lambda wavelength in a medium of the light which is equipped with the process which forms in said 
semi-conductor column and coincidence at least one semi-conductor wall which is ** which surrounds a 
longitudinal direction for this semi-conductor column, and carries out outgoing radiation from said 
barrier layer, It is characterized by a semi-conductor wall making [ for the thickness of said semi- 
conductor wall, and spacing between said semi-conductor columns and said semi-conductor walls ] the 
spacing mostly' lambda/4+ (lambda/2 of integral multiples) on two as lambda/4+ (lambda/2 of integral 
multiples), respectively in a certain case. 
[0008] 

[Function] In this invention, the DBR reflective film which consists of crosswise lamination of the semi- 
conductor with which two refractive indexes differ like the surface emission-type laser of the former 
[ shut / the light of the direction of thickness of a barrier layer ] was formed in the both sides of a barrier 
layer, and light is shut up. 

[0009] By on the other hand arranging the wall of semi-conductor multilayers regularly the light ol the 
longitudinal direction of a barrier layer shutting up, semi-conductor multilayers and the DBR reflective 
film effectual between air were formed, and light is shut up. In this case, the refractive index of the 
refractive index of a semi-conductor is usually before and after three, since a refractive index is 1, the 
refractive-index difference of air is larger than the DBR reflective film of a semi-conductor, and the 
DBR reflective film of a high reflection factor can be formed easily. For example, even when a 
reflection factor R is estimated using the effective refractive index of a semi-conductor wall as 3.25, and 
the number of semi-conductors is one, it turns out that 98.9% and a semi-conductor wall become 99.9% 
in three, and a semi-conductor wall is acquired for them by two 89% by the DBR reflective film of 
number of sheets with few very high reflection factors. 

[0010] Moreover, in manufacture of this DBR reflective film, it is not an approach by membrane 
formation like the conventional DBR reflective film, and the semi-conductor column used as a luminous 
layer and the semi-conductor wall which forms the DBR reflective film are collectively formed by 
etching the semiconducting crystal containing a barrier layer by the approach using dry etching. Since it 
was difficult to control a lateral membrane formation rate by the approach by the conventional 
membrane formation to a precision, it was difficult to form the DBR reflective film by which thickness 
control was carried out enough. However, according to the manufacture approach of the DBR reflective 
film by this invention, the semi-conductor wall used as the semi-conductor column used as a part for a 
light-emitting part and the DBR reflective film can be formed with a sufficient controllability by using 
the dry etching excellent in perpendicular etching. 
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[Example] Next, the example of this invention is explained to a detail using a drawing. 
[00121 Drawing 1 shows the structure of the surface emission-type laser of the 1st example of this 
invention Drawing 1 (A) shows a top view and drawing 1 (B) shows a sectional view. For the inside of 
drawing and 1, an n mold GaAs substrate and 2 are the n mold DBR reflective film (for n-GaAs/n-AlAs 
multilayers and thickness, lambda/4 and lambda are the medium wavelength of oscillation light.). For 
example in the case of 980nm design vacuum wavelength, it is set to dG a A s =69.53nm and dA 1 A s 
=82 94nm Although a reflection factor becomes large so that many, periodicity typically 15 to 30 
period and 3 n mold confining layer (0-1, preferably [ n-AlGaAs and aluminum presentation ] 0.2 -0 5), 
4 and 4a - a barrier layer (lOnm in thickness [ An InGaAs single quantum well, In presentation - 0.1 - 
0 3 typically 0 2])- 4a shows the barrier layer of a surface emission-type laser body here - In slight p 
mold closing depth, 5 is a layer (0-1, preferably [ p-AlGaAs and aluminum presentation ] 0.2 -0.5), and 
6 is the p mold DBR reflective film (for p-GaAs/p-AlAs multilayers and thickness, lambda/4 and 
lambda are the medium wavelength of oscillation light.). For example, in the case of 980nm design 
vacuum wavelength, it is set to dG a A s =69.53nm and dA 1 A s =82.94nm. Although a reflection factor 
becomes large so that many, periodicity typically For p mold electrode and 8, n mold electrode and 9 are 
[ 15 to 30 period, and 7 ] a surface emission-type laser body (width of face of 10 micrometers or less). 
0 25-2 micrometers and 10 are a semi-conductor wall (here, width-of-face -31ambda/4 of 980nm, for 
example vacuum design wavelength) preferably. In the case of an effective refractive index 3.21, as for 
229nm and 1 1 a slot (here, set to 245nm at a case with width-of-face -lambda/a 4 of 980nm, for 
example vacuum design wavelength) and 12 are longitudinal direction DBR reflecting mirrors. Here, let 
thickness which totaled n mold confining layer 3, the barrier layer 4, and p mold confining layer 5 be 
lambda/2 of integral multiples. For example, in such total thickness, in setting lambda and design 
vacuum wavelength to 980nm and setting a barrier layer 4 to In0.2 Ga0.8 As of 10 thickness, n mold 
confining layer 3 and p mold confining layer 5 which consist of aluminum0.25 Ga0.7 5 As are 
respectively set to 140.5nm. Here, the configuration of the surface emission-type laser body 9 or the 
semi-conductor wall 10 is made into the rectangle. 

[0013] In the laser structure of this 1st example, the light generated from barrier layer 4a of the surface 
emission-type laser body 9 has the structure where the n mold DBR reflective film 2 and the p mold 
DBR reflective film 6 shut up light to a lengthwise direction (the direction of thickness), and the 
longitudinal direction DBR reflecting mirror 12 shuts up light to a longitudinal direction. By the DBR 
reflective film of a lengthwise direction, reflection factors differ by doping concentration or periodicity. 
As an example the calculated value of a reflection factor is 99.86% by periodicity 20 and the n mold 
GaAs/AIAsDBR reflective film of concentration-of-electrons 101 8 cm-3. Moreover, periodicity 20 and 
electron hole concentration 101 8 cm-3 By the p mold GaAs/AIAsDBR reflective film, the calculated 
value of a reflection factor becomes 99.77%. _ 
[0014] Moreover, on the other hand in the DBR reflecting mirror 12 of the longitudinal direction of 
three periods as shown in drawing 1 , the calculated value of a reflection factor becomes 99 90%. 
Moreover when the lateral DBR reflecting mirrors 12 are two periods, 98.9% of reflection factors is 
expected Thus, with the longitudinal direction DBR reflecting mirror 12, since the refractive-index 
difference of air and a semi-conductor is large, a big reflection factor is obtained by small periodicity. 
r001 5] As stated above, since both a lengthwise direction and a longitudinal direction are surrounded 
with the DBR reflecting mirror of 99% or more of reflection factor, in the surface emission-type laser of 
this example the interior light 13 of laser is efficiently shut up, as an arrow head shows to drawin g 1 
such a good light - shutting up ~ the mode consistency of light decreases and the output light 14 with 
the sharp wavelength spectrum which resembled the laser beam in the low current impregnation field 
1 mA or less according to the micro cavity effectiveness, or radiation directivity is obtained. 
[0016] Since there is little mode which emits light in a longitudinal direction for the light of wavelength 
lambda when making width of face of the surface emission-type laser body 9 into lambda/2 of 
nonintegral twice especially, luminescence of lateral spontaneous emmision is controlled. To the mode 
of a lengthwise direction, by making thickness of the sum total of n mold confining layer 3, a barrier 
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-layer 4, and p mold confining layer 5 into lambda/2 of integral multiples, luminescence of a lengthwise 
direction will be in a resonance state, and is promoted. For this reason, in order that the optical output of 
spontaneous emmision light may concentrate only on a lengthwise direction, as for the ejection 
-effectiveness of the output light 14, unlike the conventional LED luminescence, 10% or more of very 
high effectiveness is expected. On the other hand, in the conventional LED, since the light from a barrier 
layer was emitted isotropic, the ejection effectiveness of light was as low as at most about 1%. 
[0017] If the improvement which reduces enough the breathing-loss reduction to the interior light 13 of 
laser and the nonluminescent recombination of the carrier poured into barrier layer 4a can be made in 
coincidence besides the improvement which light which was described above shuts up, also in the very 
low current field of muA order, concentration of spontaneous-emmision light takes place to a lengthwise 
direction, and the output light 1 4 which has a sharp wavelength spectrum similar to a laser beam and 
radiation'directivity can be efficiently obtained to it. Furthermore, the usual laser oscillation is obtained 
in the high current impregnation field which raised current impregnation. 
[0018] Next, the manufacture approach of the surface emission-type laser of the 1st example is 
explained. First, sequential growth of the n mold DBR reflective film 2, n mold confining layer 3, a 
barrier layer 4, p mold confining layer 5, and the p mold DBR reflective film 6 is carried out with MBE 
growth on the n mold GaAs substrate 1 . Next, p mold electrode 7 is formed on the p mold DBR 
reflective film 6. Next, using the dry etching method, by forming a slot 1 1 , the surface emission-type 
laser body 9 and the semi-conductor wall 10 are separated, and the longitudinal direction DBR reflecting 
mirror 12 is formed. The chemical reed SUTEDDO ion-beam-etching method (CAIBE law) which uses 
as a reaction kind the reactant ion-beam-etching method (RIBE law) using the ECR plasma and argon 
ion of the chlorine which uses a chlorine radical and a chlorine ion as a reaction kind, and chlorine gas 
as dry etching in this case can be used, especially - CAIBE the NiAu film of this p mold electrode 7 
when using law by dry etching, after carrying out patterning of the nickel/ Au film with a lift-off 
technique and forming p mold electrode 7 CAIBE - since it can use as mask material in the case of 
the dry etching by law, a detailed pattern can be formed easily. Next, n mold electrode 8 is formed. It is 
made thin by polish mechanical to the thickness of a request of the n mold GaAs substrate 1 at the last. 
[0019] Drawing 2 is the sectional view of the surface emission-type laser of the 2nd example. Most laser 
structures of this example are the same as the 1st example. A different point is a point that the slot 1 1 is 
filled up with polyimide 20. In the 2nd example, since flattening of the p side front face is carried out 
with polyimide 20, there is an advantage which can form the drawer electrode 21 easily. Moreover, in 
order to consider as lambda/4, it is necessary to make width of face of a slot 1 1 into (the refractive index 
of 1 -/polyimide) of the width of face of the slot 1 1 in the 1st example. Moreover, the manufacture 
approach of the 2nd example is almost the same as the 1st example too. A different point is performing 
patterning for forming spreading of polyimide 20, and opening of the drawer electrode 21 and opening 
of n mold electrode 8 after dry etching. 

[0020] In the above example, although the barrier layer was made into the single quantum well, not only 
this but a multiplex quantum well and a thick barrier layer 20nm or more may be used. Moreover, 
although thickness which doubled n mold confining layer, p mold confining layer, and the barrier layer 
was set to lambda, thickness can. be changed if it is the integral multiple of not only this but lambda/2. 
Moreover, as an ingredient, although the GaAs/AlAs system ingredient was used, it can use, not only 
this but other semiconductor materials, for example, InP/InGaAs system ingredient etc., etc. moreover - 
although the slot was embedded in the 2nd example using polyimide - not only this but other dielectric 
materials 2, for example, SiO, etc. - you may use. Moreover, with the top view of an example, although 
the lateral DBR reflecting mirror was formed with the square, it is good not only as for this but a round 
shape etc. 

[0021] Moreover, although semi-conductor wall thickness was set to 31ambda/4 in the example, what is 
necessary is just thickness generally expressed in writing by lambda / 4+ (lambda/2 of integral 
multiples), such as not only this but lambda / Slambda [ 4 and ]/4, etc. However, it becomes being 
lambda/4 of thickness with the thickness of about 60nm, and a semi-conductor wall becomes easy to 
collapse. When there is such a problem, it is good to establish the reinforcement semi-conductor wall 30 
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which connects semi-conductor walls, as shown in the top view shown in drawin g 3 . Moreover, 
although width of face of a slot 1 1 was made into lambda/4 in the example, what is necessary is just the 
width of face not only in this but generally expressed in writing by lambda / 4+ (lambda/2 of integral 
multiples). 
[0022] 

[Effect of the Invention] According to this invention, since light can be efficiently confined not only in a 
lengthwise direction but in a longitudinal direction, an optical mode consistency can be made small and 
the surface emission-type laser from which the output light which has the sharp wavelength spectrum 
and the directivity like a laser beam according to the micro cavity effectiveness in a low current region is 
obtained can be realized. 
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PURPOSE: To enable the operation as a micro-cavity laser on a low current by specifying 
the thickness of a semiconductor wall and the distance between a semiconductor pillar 
and the semiconductor wall. 

CONSTITUTION: A first DBR reflection film 2 and a multilayer structure, containing a p-n 
junction and an active layer 4a, are formed on a semiconductor substrate 1 . A second 
DBR reflection film 6 is formed on the multilayer structure. Then semiconductor pillars, 
composed of the first DBR reflection film 2, multilayer structure, and second DBR 
reflection film 6, are formed by dry etching. In addition to the semiconductor pillars, a 
semiconductor wall 10 containing the semiconductor pillars in the lateral direction, is 
simultaneously formed by the dry etching. Letting the medium wavelength of the light 
emitted from the active layer 4a be K t the thickness of the semiconductor wall 10 and the 
distance between the semiconductor pillar and wall 10 are both specified as approx. 
X/4+2 (integer multiple of X/2). In case there are two or more semiconductor walls 10, 
their interval is specified as approx. Ay4+(integer multiple of X/2). 
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R. S. Gee 1 8 6tt7|inift«>*"JI«W— tflCJSV* 

[0 0 0 3] 

[5£93)W!?ftL«fc3fcT*SIE] L*>Ufctfe>* 
ft&fclslKHCfcHT, 1 0 0 0lB^±^#«!cOffi^U 



*ft§fl¥6-2 5 2 5 04 

OJtt, fcffl«0I*£fcSB 61#m9^890-90lM 
(1 9 9 2^) (DffiflflC^ViT, fgftJi £fc*S&l§T 

l) -?Z>W\z£^T, ttae>T/J>S>S:Htt*i«"CW— tf* 
[0 0 0 4] Lft>lsft3P&. £W«J:3&U— !f CdT 

iiv-f ^n^^tfx^ v-vtn#) 

/jn $ ^ettJB tcft u - & t v> -5 ra 

^<7)!l5^DBRHlt^«:^"r^>^* i ai*^c 

*5l*ttr'f*bUi^5W*« l *o&. WA 
If, 9 0%gS^^S^Sr^^-r^«-&^ 

*^lCDBRK»RtlW-r*«^fc*5^T'b, MB 
[0 0 0 5] fCT, *56WOBttll 

[0 0 0 6] 

[^£#**^-*fc«><z>^©:] *»WOBB**U— !ffc 
*3V>Tte, ^«{»«±IC»*anfc«lDBRJEI*tt 
iO»lDBRRI*JRKlC»iaE«nfcPN»^tffi 

2DBRE#tBI£:> ttrE^lDBRSItRt^Se^e* 
31i:-|»B«2DBREI«*6tt****tti. 

frttt«aid¥«i#©i«oitii«3»«-tn-etis«iA/4 + 

[0 0 0 7] *»^<01S»^W— JfOHWEtll # 

fcZltlC^TSgl DBR£IWI^ritr«X8-2:, - 
CD»1 DBRS»BI±CCPN«^ett»t*tr*Ji«l 
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3 

4***»fcSS»C*»-r*»fc«fcoT» 2 D B REttBI 
£ £ 2DBR JRWK^ fc & H 7 *f X 

<D£&f&) tit. *NS#®#2 0±&*«^K JO 

tt, -t©fWRa^«(£A/4+ u/2 £*r* 

[0 0 0 8] 

[ooo9] fs&momijfavytnmc&Mz 
mix, #£BHc&tf>T^*o zvm&iz* *mfce> 

^tf, ¥*IM©*»JMf*€:3. 2 5£LT, 

M^2^T(59 8. 9%, ¥3M£M#3^"m9 9. 
9%£fc^T. ®&Tigl^t^#^fc^#&a>DBR 

[0 0 10] ^CDDBRS^CD^T^ ft* 30 

<DDBRELtom<D&U&mtZj:2>J5m-V\ZtS.<* F9-f 

ftt, DBRSttK^M«^IS-«tX« 

fc, ^^JP^Iffll$n^DBRRItK^tic"r^^® 
JTC&^fc. Lft>Lfttf&. ^^lw<tSDBRSl*§l 

[0 0 1 1] 

[0012] m 1 te* *^91<£>& 1 <0^ig#|CD®fS:ftU 
-1fw*jg&^bT^*. 0 1 (A) te¥B50* 0 1 

(B) ItmffiW&tt* 0** 1 tenSC a A s JttR, 
2lin^DBRSWK (n-GaAs/n-A I As# 
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4 

tm£2&^9 8 0 nm0l^!:lt dc , a s =6 9. 
5 3nm, d* i a » =8 2. 94 nmt^5. ^^35& 
tt#ti.»i!JEI#«<**<35c*^IIS!«UCtt, 1 5-3 
Omm . 3\ZnWmC&*t>m (n-AlGaAs, A 
Ifcf&teO-K #SL<»0. 2-0. 5) , 4, 4 
a (I n G a A s #-IT#P, 1 n = 

0. 1-0. 3, AUttCteO. 2Tf$l Onm) - 
atlffi^U-lf*^^tt®^^^ 5tepg! 
fflUCde)© (p-AlGaAs, A 1 «a*£te 0 - K Jfr 
£L<te0. 2-0. 5) , 6iipiDBR5WIR (P 
-GaAs/p-AiAs#ii> Jfi$«A/4, Ate 
8«#©ffc5t&fi. «;UiKttJ*fflMfc9 8 0 nmOi 
^tCte, dt i i i =6 9. 5 3 nm> d» i n =8 
2. 9 4nm<hfr£„ WJWtttt*li&£R«*^#< 
ft Kte, 1 , TtipMffi. 

8tenMffi, 9teffifEftP-1f*# «1 OumJU 
T, $f£L<»0. 2 5-2um) , 1 0te#iS#g 
(^:T«<|-3A/4, fl&tfJt2Rff!-tt£9 8 On 
m, £&ttB$T*3. 2 1 (Delete 2 2 9 nm) , 1 1 

&m <rrr«ii-A/4, .«^.«AfS«tHKfi9 8 o 

nmO*^i:tt2 4 5nmtft5) , 1.21WMDB 
RS&&T&*. HdT, nSBBC&#IB3£i&ttlI4 
£p^ffiU&£JI5££ifLfcJiWS, A/2CD&&f& 

9 8 0nm, gti4$l 0©OI no . 2 Gao « 
A s tt^S^lCll A 1 0 . 2s Gao 7 s As A* 

14 0. 5nmt^. d CTttfli|*^U-"1f**9 * 

[0013] z<Dmi<D3tmm(ou-*?mm\z&^T 

®£ftl/-1f*#9 0l£ttll4 a^£>§5£Lfc#; 
fcL «W7fn) <BIJ9;*7ft) lC**LTtenSS!DBRKf*B*2 
Rtf P^DBRHtt&6a<ft£Efl*;&8£>, «^f«JiC^U 
TI«*lftDBRR»«l 2mMC&af)«n2:ft 
,T^S. «#ft<DDBRj5#tBtTt;l, St^teF-feT 
>yiRm^J8&T#ft*o -flliiLT* ^^C2 0, 
IfltlO 1 8 cm' 5 ©niGaAs/AlAsD 
BRJKItRTl^ Sl**<0»*«tt9 9. 8 
2> 0 M1R2 0, iE7L»ffi 1 0 1 8 cm- 3 <&p 

5jG a A s/A 1 AsD BRK^iTll RW*Ol» 
fete9 9. 7 7%t^, 

ft©DBRK*N&l 2fc*V»Tli» RW^Ott-IIIttS 
9. 9 0Xi:345. ft^faODBRJEttfcl 2tf 

2I^»|CD«^IC«, SW*9 8. 9XMMttStl«. - 

[0 0 15] £Jl±Jcai^fci:^Jr, *^J6^co®»)tW 
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(4) 

5 

[0 0 16] ^iC. W&ftl'-' !f*#9(D«|g£, A/2 

n mmc&#>m 3 £*§&n 4 1 panc&M 5 co^tt 
loiftTK^ss^flf^n*. rnic^tr. fit* 

[0 0 17] J^±J6^&«t5tt3tOBBCa»©Bk«©« # 
tC. U-1fl*3£&ftl 3 fc»T*lf 
4 a KftA *J 7 £2E#"tefct"S" 

[0 0 18] »1©^««<0IB**U— lf©«ifi 

#WCOl*TM!T*. *"f*tlfc, nSGaAsi« 30 
lilt, MBEfiJtllCtoT, niDBRSIflfi2, n 

Afflux, m i ^r^is-r^ictoT, m&ytu-*? 
##9 t*m&&i o£#rsu ^rsjDBRR^i 

(ca i be}£) t££#jja*r mz. ca 

lBE^^H7^X'yf>^Tffl^5i^l Ni/A 

:©pfti7©NiAuIS:CAIB 
Ej£K«fc* F^Xy^>^OlB<&VX*#£LTJ?lU 

nS3*«8fcJME-r*. S«C. nUGaA 
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[0 0 19] B2I1 ^2CD^iSfi»JO®^W-1fO»T 

^mg^<h(p|i;T$ > '5c # »M £ K 2 0 

tfi, mi 1 C*aS*vr^*J&T&*. S§2CO^&fc0yT 
14, a|?U-f 5 H2 0lCj:-3Tpfl!l*ffiWSft$n*fc 

sfc, mi loin A/4tr*^«>ictt, 

mi©g|*£«fc*3tt*m 1G>«<0 (l/#U-f$H© 
BMW t-TftM* 8 **. B2CDHJ&^co$ajg 

^«tr/§i^rtiiumffi2 1 0natt*>n£HM8 4)nc]ffi 

[0 0 2 0] «±©*tt«TI4, SHtJSfcHi-flT*/ 3 
tbfctf* cnt-ISeT, 2 0nm£A 

±CD»V>flH*J»*:fflV>TfcA^. nS/BIU&SbP 

cntcR^A/ 2 J?S££Jg-f 
Jfefc, ttHfcLT* GaAs/Al As 

tf I nP/I nGaAs*»fift«JI^5WtB* 

[00 2 1] H2iWT«, ^ftIi5:3A/4 

tlfc^ cm-^^T, A/4. 5A/4(0^^ - 

£>l*AV>. fc*£U A/4©»*-C**t. 6 0nmg 

4tLfc^ mensem -hr^a/4+ (A/20 

[0 0 2 2] 

(A) £H?rffiE (B) T&S- 

[0 2] *^<7>^2(D^^CO®^U-1fO»T®0 
[03] 2^%^OSijO^Jfi«aj05F®aT«>^o 
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i o *m&m 

l l si 

12 «ra6]DBRE#*fc 

1 3 U-1f rt€E3fc 

1 4 ffl^jft 
20 tf'MSK 

2 1 5i^aium« 

3 0 *3fi¥**ft 
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